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(57) Abstract 

A method and apparatus. (212) selectively oxidizes, within the fuel cell assembly (210), the carbon monoxide present in a fuel stream 
(222) fed to the assembly. A quantity of catalyst is contained within at least a portion of a fuel stream passageway within the stack. -The 
carbon monoxide is selectively oxidized by the catalyst to carbon dioxide, and carbon monoxide produced by the reverse water-shift reaction 
is also oxidized. 
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Field O f The Invantion 

The present invention relates to a method and 
apparatus for selectively oxidizing, within the 
fuel cell stack, the carbon monoxide present in a 



fuel stream fed to the stack. m- the present 

7^77-7 quanuty ° f c — fc 

77s7 2 P0 " i0n ° f * fuel ""am 

Bacfcqrounn of TH» t. „ <np 

Electroche.ic.X- fuel. cells convert fuel and 
oxidant to electricitv . 

icraicity and reaction product in 

electrochemical fuel csiu „—i , 
the fuel »n„ ^Ploying hydrogen as 

the fuel and oxygen as the oxidant, the reaction 
product is water, such fuel cells generally ^ Qy 
a membra „e electrode assembly (W) cons ' t ^ 
a solid polyner electrolyte or ion exchange 
membrane disposed between two electrode S 4ormed of 
Pcrous, electricaixy conductive sheet material 

typically carbon fiber paper m. », 

lavsr „, „ _ , P»per. The Ktk contains a 

cZ I Catalyst " *»i«lly in the for, of finely 
^minuted platinum at each membrane/electrode 
interface to induce the desired electrochemical 

reaction. The electrodes are electricaUy coupled 
to provide a c *x v-wupj.ea 

th« 77 7 ! conducting electrons between 

the electrodes through an external load. 

electrode"" 7°?' ^ ^ 

electrode material and reacts at the catalv^ , 

clL At thB Cath ° de ' «» oxygen- 

containing gas supply react* *<■ +>. 

to form anions IL cata1 ^ l«y« 

react with 7 f0r,ned " the 

react with the cations to complete the 

electrochemical reaction anrf « 

product. actlon a «<* form a reaction 

in electrochemical fuel ceils employing 



hydrogen as the fuel and oxygen-containing air (or 
substantially pure oxygen) as the oxidant, the 
catalyzed reaction at the anode produces hydrogen 
cations (protons) from the fuel supply. The ion 
exchange membrane facilitates the migration of 
hydrogen ions from the anode to the cathode m 
addition to conducting hydrogen ions, the membrane 
isolates the hydrogen-containing fuel stream from 
the oxygen-containing oxidant stream. At the 
cathode, oxygen reacts at the catalyst layer to 
form anions. The anions formed at the cathode 
react with the hydrogen ions that have crossed the 
membrane to complete the electrochemical reaction 
and form" liquid water as the reaction product. 

In conventional fuel cells, the MEA is 
interposed between two fluid-impermeable, 
electrically conductive plates, commonly referred 
to as the anode and the cathode plates 
respectively. The plates are typically formed from 
graphite, a graphite composite such as 
graphite/epoxy, but can also be formed from other 

suitable electrically conductive materials. The 
Plates serve as current collectors, provide 
structural support for the porous, electrically 

-Gonduetive electrodes, provide means for carrying 
the fuel and oxidant tQ ^ ^ cathode 

respectively, and provide means for removing water 
formed during operation of the fuel cell. When the 
channels are formed in the anode and cathode 
Plates, the plates. are referred to as fluid flow 
field plates. when the anode and cathode plates 
overlay channels formed in the anode and cathode 
porous material, the plates are referred to as 
separator plates. 
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in the^T T ^ 01 * 3 a " 

m the anode and cathode plates, as „ eil as in Vh 

t= direct the fue! f typicali y a u s t n a I' 
pure h drogen gas stream or hydrogen . contain n 

rebate gas stream from the conversion of 
hydrocarbons such as methanol or natural g as, to 
the anode and the oxidant (typically substantially 
Pure oxygen or oxygen-containing gas, to the 

t: :° :eM a P ^: h :; n :r £ r ed in eith ~ the — 

Evh». * Electrodes themselves. 

■Exhaust manifolds are also general i„ ^ • 

»„„j„ j 9 en eraiiy formed in the 

anode and cathode plates „„ 
rti™,.,- .... Plates, as well as the MEA, to 

drrect the unreacted components of the fuel and 

oxidant streams, as well as ua *-^ 
is t . water accumulated at 

the oathode, from the fuel cell. 

Multiple fuel cell assemblies comprising two 
or more anode plate/MEA/cai-h,^. ■, ^ 
„ ferr „, . ■ te/MEA/cathode plate combinations, 

t«!L fU£l ° eU StaCk ' Can b ° connected 

« ES 5 in *™^» <° se the 

overall power output as required. m such stack 

ser.es, where.n one side of a given fluid flow 

n t h e S o e tr at T/ late ^ ^ an0de «" 

s pLte fL ;t ° f Pl3te is the c ""ode 

Plate for the adjacent cell, and so on. 

a, * erflU ° rosulf ° n i= i°n exchange membranes, such 
as those sold by DuPont under its N afion trade. 
de sl g natlon , have been used effectively in 
electrochemical fuel r^iic ^ , 
> Naf ion-type cation ! ^ "Us employing . 

n type cation exchange membranes require 
accumulated water t-« k~ 4 

(oxidant, side bot h T s ^ ^ 

^ siae, both as a result of the water 

transported across the membrane with cations and 

product water formed at the cathode from the 
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IJZ rea5UOn OC h ^ d "9- "tions With 

oxygen. An experimental perf luorosulfonic ion 
exchange membrane, sold by Do „. chemical Company 
under the trade designation xtfs lai P J 

to have Slgnif icantly less uater transported PP u . t rS 

hydrogen cations across the membrane. Fuel cells 
employing the Dow experimental membrane thus tend 

to accumulate less on the ca fh rt n a , ^ 

" tne cathode (oxidant) side 
as the accumulated water at the cathode is 
essentially limited to product water formed from 
the electrochemical reaction of hydrogen and 
oxygen. 

Recently, efforts have been devoted to 
identifying ways to operate electrochemical fuel 
cells using other than pure hydrogen as the fuel 
Fuel cell systems operating on pure hydrogen are 
generally disadvantageous because of the expense of 
producing and storing pure hydrogen g as . , In 
addition, the use of liquid fuels is preferable to 
Pure, bottled hydrogen in mobile and vehicular 
applications of electrochemical fuel cells 

Recent efforts have focused on the use of an 
impure hydrogen fuel stream obtained from the ' 
chemxcal conversion of hydrocarbon fuels to 
hydrogen and carbon byproducts. However, to be 
useful for fuel celi= a „j 

ba Sert ^ ■ thet simil « hydrogen- 

based chemical applications, hydrocarbon fuels must 
he efficiently converted to relatively pure 
hydrogen with a minimal amount of undesirable 
chemical byproducts, such as carbon monoxide 

conversion of hydrocarbons to hydrogen is 
generally accomplished through the steam 
reformation of a hydrocarbon such as methanol in a 
reactor sometimes, referred to as a reformer. The 



Allowing c.e.ica! equationT * th * 



CH,OH + H 2 D + heat ^ 3 



co 7 



(1) 



Due to competing reactions, the initial 
gaseous mixture produced by steL r / 
methanol typicaliv . formation of 

typically contains about ssi w ' • 

h^rogen. about 10% to about ,5, . " % 
well as fro* about 0 5% ^ 1 ! di °* ide ' as 

CO, all on a j ' 5% tC ab0Ut 2 °* by volume of 

an on a dry basis (in 
can be present L t h addit "^ vater vapor 

present m the gas stream) . The initio 
mixture produced b v ^ initial gas 

fur-i-K Pr ° auced *y th * steam reforner can be 

":a p i:i;r d by a ■-^■»~ <~\s 

■~t.Xy.ed ^ actio* °" * "** ^ Th * 

reaction occurring in the S h<<^ 

is represented by the folln !- converter 
*y the following chemical equation: 



CO + h 2 0 ?± CO + H 



Even a fter a combination of stea 

reformer/shift converter process™ th - „ 
gas mixture win ha „ • processln 9< the product 

^ ture win .have, nunor amounts of co and 
vanous hydrocarbon species tvni , , 
less by vo!ume. on a dr y b^is of t h , " " 

Product mixture. ' f ^' t0tal 



solid polymer electrolyte fuel . 
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cells, the electrochemical reaction is tvn,V n 

comprising a noble metal 

monoxide adsorbs pref " * 

5 Platinum, particularly at t„ ! " ° f 

iso.e . ■ temperatures below about 

150 C, effectively poisoning the catalyst and 
■•Knuf icantly reducing the eff icienoy ^ ^ 
desired electrochemical hydrogen oxidation 
reaction, a steam reformer /^h< ~ 

10 can be used to reduce thH I °° nVerter . 

reauce the amount of co in the 

1 ^ r0 ~ tainin ' strea^ to less 

than about loo parts per min^ (ppn) . Jn order 

> ^ a b e7 7'" ^ fUel «" — 

■ Lr5T - ce able to handle M « 4-v> 

. - the MEAs cannot be ^ £ ^^7' 
in the reformate fuel str P ,» t ^ . *? tesenc 
Pn, . t stream. i n addition to the 

CO content of the refnr™^,, ^ , 

. reformate fuel stream, CO can 

water shift reaction: 

. Co, + H, 5± CO ♦ H ,0 (3) - 

In typical reformate fuel stre»m= 
' concentration of co i, 1 7 ^librium 

temperature. * ^ 10 ° PPn "» . 

oxidi 7 PreSent mSth0d a " d apP « atus selectively 
oxidazes, within the fuel cell itself ,.„= u 

monoxide present i„ th „ • ' C " kon 

•■ *uel ceU and/ rea " ant S " eaI " «* 

shift r Pr ° dUCed by the re -rse water 

shift reaction (reaction (3) above) . 

Watkins et al. Canadian Patent 'Mo. 1,305 212 
entitled -Method for operating a Fuel CeU 7 
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c«bo„ Mon ide Containing fuei d . scios ^ 

intr d V Carb ° n m ° n0Xide PreS6nt in ' '«! 9as 
introduced to a low-temperature, solid polymar 

in the anode. The method invokes ,., reacting the 
fuel gas with an oxygen-containing g as (b) 
contacting the resulting fuel gas mixture with , 

10 T I' ° t0 sele « iv ^ convert carbon 

10. .onox.de to carbon dioxide and thereby reduce 

carbon monoxide levels in the fuel gas to trace 
counts, and (c) feeding the resulting 

rue^T 11 " Carb ° n m ° nOXide - £r - ^ •» *o the 
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.. Prav . M °" S - N °- V»10,0 M entitled 

Preventing co Poisoning m Fuel Cells" discloses 
the ln3ection of oxygen (<y , nto ^ . 

before introducing the fuel stream to the fuel 
cell. ln order to remove co present in the 
reformate fuel stream fed to the fuel cell The 
oxygen so injected is in the form of either 
substantially pure o, or oxygeh-cctaining air 

" atkl " s ' Elective oxidation of carbon 
monoxide to carbon dioxide and Gottesfeld-s 
inaction of oxygen, into the reformate fuel stream 
Prior to introducing the fuel stream to the fuel 

in the fuel stream. However, the removal of CO 
upstream of the fuel cell win not affect tfte 
further production of co within the reactant fuel 
stream of the fuel cell >» ,->,.* _ 

eli the reverse water shift 
react.cn. In this regard, the removal of Co from 
the fuel stream by selective oxidation and/or the 
"utial injection of oxygen, will pronote the 
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production of CO hv 

reaction - ! ^ Water shi " 

reaction to produce co a G ^ ^ . 
win ho ^ • faction (3) above 

will be driven to the riahfe* u a „ 

fc , . rignt) because of the 

substantial present L 

order to effectively renove CQ produc ^ t 
reactant strea* of the fue i oxidant £ 

xo ho ; r b y pure oxy9en " ««-««^Cr ) 

un L 0 lntr0dUCed ' Prefe " bly in * --t.nti.lS 
, » « manner, across active J 

uniform. introduction of oxidant is particula . 

- a ":: tiv : for fuei cen 

areas and » wh ich the residence ti K e of the 
reformate fuel stream in the fuel cell is 
prolonged. 

Accordingly, it is a „ object 0 f the present 
nventxon to provide a method an d apparatus 

stream m lxture comprising en 

eiec:;: ch u r- su ' tabie £or use as the ^ ««« *<* 

electrochemical fuel cells, and for other 
; applications employing catal y sts ttat^M be 
■5 adversely effected by higher carbon m onoxide 
concentrations . 

orovf " alS ° " ° bjeCt ° f the i^ention to 

' cal n mo T* aPPa " tUS «".tion of 

carbon mon, xld e to carbon dioxide in a flov 

passageway, vhich contains catalyst, within the 
fuel cell stack. 

§im*JY Of The Inv^ f^, 

The above and other objects are achieved by a 
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«rbon apParatUS thE " 1 -=tiv. oxidation of . 

carbon .onox.de to carbon dioxide, the „ rfa ' 

bein * in a reactant strea m 

s -trowed to an electrochemical fuel M " the 

'c^'r further : 

at le Pr ° Vidin9 3 gU3ntity «* ««W within 
at Xaast a portl on of a passageway for . 
directing the reactant stream to the 
electrochenically active area of the fue! 

2, PaSSa9eWa y P°««n having an inlet 

and an outlet, the cat-an,c.*. 

tne catalyst promoting the 

oxidation of carbon monoxide to carbon h< 
15 ^ to carbon dioxide 

ln the Presence of oxygen; 

introducing a first oxygen- 
containing gas stream into the reactant 
stream through a first port disposed 
^ between the inlet and the outlet; 

contacting the gaseous mixture 
including the first oxygen-containing gas 
stream with the catalyst; 

introducing a further oxygen- 
containing ga s stream into the reactant 
stream through at least one secondary 
Port located between the f irst port and 
the outlet; and 

ind, , fU " her ■ COntaCMn * ^ stream 
including the further o*y g6 n-contai„ in , gas 
stream with the catalyst 

least one secondary port comprises a plurality of 
secondary ports located between the fLt port lL 
the outlet. The plBr of s ^ 
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Prefera bly uniforroly aiQng ^ ^ 

between the inlet and the outlet, whereby the , 
concentration of oxygen uithin the reactant _ 
- -.amtained substantially constant between the 

u :L an : the . outiet - wh - n t S t rea : 

further comprises oxygen, the first oxygen- 
containin, gas stream and the further oxygen- 
containing gas stream can he drawn from the 
reactant stream. 

In an embodiment of the apparatus for the 
selects oxidation of carbon Monoxide to carbon 
a- xl de, the carbon monoxide is present in a fuel 
stream introduced to an electrochemical fuel cell 
stack. The fuel stream 
' anrt v. j. trei "" fu "h« comprises hydrogen 

and carbon dioxide, and tha 

, ' " cne stack comprises a 

plurality of fuel cell* t>,. 

uei ceils. The apparatus comprises- 
neans for containing a quantity of catalyst 
within at least a portion of a fuel stream 
passageway within the stack, the catalyst 
promoting the oxidation of carbon monoxide to 
carbon dioxide in the presence of oxygen, 
in an embodiment of the apparatus wherein the stack 
comprises a fuel inlet, at least one anode, and a 
*»1 cutlet, the fuel stream is. directed through a 
passageway containing catalyst before the fuel 

HTsT.nl '"T^ " * **• «t 

.Least one anode. 

select" 3n0ther emt0iimsnt ° f « apparatus for the 

ST""" of carbon monoxide to carb - 

strea?' t iS " » *»1 

stream introduced to an electrochemical fuel ceil 

ZlZV^T fUrther C ° BPriSeS 
carbon dioxide. The apparatus comprises • 

(a) first and second separator layers, the 
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first and second layers substantially 
• ^permeable to the fuel stream; and 

(b) a catalytic assembly interposed between 

the first and second layers, -the assembly 
co np at least ^ y 

sheet material and a quantity of catalyst 
either disposed on af least one aajor 
surface of the at least one porous layer 
or impregnated between the * aj or surfaces 
of the at least one porous layer, or 
both, the catalyst promoting the 
oxidation of carbon monoxide to carbon 

..dioxide in the presence of oxygen- 
whereby directing the fuel w yg6n ' 

1 stre an between the fir** 
and second layers causes the fuel stream . 
the catalyst. ■ stream to contact 

least one layer of porous shfiet t 

oxidation apparatus can be assembled within the 
active section or an electrochemical fuel ce 

L ass emb T d SeleCtiVe can also 

be assemble within a hui nidif ication section 

associated the stack, the humidification section 
being either integral with the stack „ r " 
humidifier. stack or an external 

fluid now fl . M plate> ^ t a * 

■inlet for introducing the fuel stream r 
surface thereof .„„„ stream to a major 

tnereot and an outlet tnr- 

from the „ jor surLce! the ^r ^ 
-r ace has forced therein means for dL«L th 
f«el stream from the fuel stream inw * 

61 str eam inlet to the fuel 
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.tr«« outa.t. ™e first plate preferably has a 
Plurality of openings formed therein * • 

» the r ^ e " ^ fUSl inlet ana 

the fuel stream, outlet. The pluralitv „, 

stream mlet and fue! stream outlet, whereby the 
concentration of oxygen within the fuel stream is 

substantially constant between te f! x 
strea, ln i et and the fuel stream q 

co U n e ta Stream £Urth£r ° 0mPriSeS ™< th- -v" n- 

_ ■ . In one preferred apparatus, the directing 
IS means comprises at i MCT „„„ .. . •'"""ig 
int»^ ■ continuous channel 

interconnecting the fuel stream in iet and the fuel 
str e outlet. Th e at i east one continuous c h „ nel 

Last IT" r.^" 916 C ° ntinUOUS Cha ""^- at 
least one continuous channel 

0 pluralitv a , nannel can also comprise a 

Plurality of continuous channels. 

In another preferred apparatus, the direct ina 
-ans comprises at l east one inlet '^ J^^ 
extending f rom the fuel stream inlet and 
on tl channel extending ^ t^t 

outlet, wherein the at leact- ™ •' , 

». « ut iea .st one inlet channel i <= 

^continuous with respect to the at least ^ 

whereby the fuei 

W one I °" e inlEt Channel " th * « 

least one outlet channel through the interstitial 

outlet channel preferably comprises at least two 
outlet channels and each of the at least one inlet : 

"tlet channels, such that the fuel stream inlet 
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and the fuel stream outlet, channels are 
. lnterdigitated. 

Where the second spnay 3 f„>. , 

. econa separator layer comprises a 

s L : n L r d flow f ield plate ' the — nd ^ 

sur f a L th 7 r ° dUCin9 th « ^ "ream to a ma jo r 
surface thereof and an outlet. for discharging the 
fuel stream fron the major surfaee/ the J.J 

surface has forced therein Means for directing the 
fuel stream fro- the fuel strean, inlet to the 
stream outlet. 

In still another preferred apparatus, the 
catalyse assembly comprises at least two layers of 
Porous sheet material, the apparatus further 
comprises: 

fc) at least one intervening separator layer 
having a plurality of openings formed 
therein between the major surfaces 
thereof, each of the at least one 
20 intervening separator layer interposed 

between adjacent porous layers 
The at least two layers of porous sheet material 

are preferably electrically conductive. 

The first and second seoar^hr V,.. 
at W nn ona . separator, layers and the 

at least one porous layer typically have a planar 
25 configuration. The first a „H c . P^nar 
n irsc and second separator 

layers and the at lea^t- „™ P 

have a , ? ° rOUS la y er can a ^o 

have a tubular configuration. 

^ FIG. l is a side elevation view of a fuel cell 
stac* showing the electronically active and 
humidificat ion sections. 

FIG. 2 is an exploded side view of a fuel cell 
incite, a .embrane electrode assembly intend 
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between two fluid flow f . 0l 

flow channels formed in the Z,Z 7 ? reactan * 
DlAt . ee - ^ ne ma 3or surfaces of the 

plates facing the electrodes, ' 

FIG * 3 is an eic Ploded side view of * ^ , 

- srr a membrane eie ° trode - s 0611 

integral reactant flow channels in«-» 

two separator layers. between 

field"?' 4 " 3 ^ ViEU ° f « «»« "OU 

■0 ^T 1 "' 3 °P-faced 
hannel that traverses the central area of the 

Plate lna plurality of Passes between a fluid 
inlet directly connected to a fluid supply 0 * o . 

lair" outiet ^— =ted z i u r 

* Patent H Penin9 ' aS deSCribed - Wat kins „. s . 
=> Patent No. 4,988,583. 

FIG. 5 is an enlarged sectional view of th, 

field plate illustrated in fig. 2. 

, field "°V 6 3 tOP Plan vie " «* * «»ia flow 

field plate havmg .ultip!. continuous open-faced 
channels each of which traverses the ^ 

fluid 7 \ rf ln 3 PlUr * Ut * oE ^tween a 

fluid ln iet directly connected to a fluid supply 
opening and a fluid outlet directly connected to a 

P tentT U f ° Pening ' 33 deSCribed in »",i„s u,s. 
latent No. 5,108,849. 

fluid fl H aVin9 11 diSCOntin -«^ interdigitated 
fluid flow channels, s channels ot - which ^J^J* 

channels emending fro* a reactant inlet opening 
and ^channels of which are outlets channels 

f r a reactant ° utiet «* of 
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stack " G -. 3 iS a "hematic diagram of a fuel eel/ 
stack having an integral seierti™ U 
in the fuel manifold \ e J^ \'~ V located 
cell ana the ^iU^^^ to — 

FIS- 9 is an enlarged sectional view 0 f » 
selective oxidizing catalytic a SSMhl 
b«ween two fluid flow eJ^^T* ■ 

FIG. 10 is. an enlarged sectional view of * m 
selective oxidizing catalytic ass«»hi\ ' 
between t wo fluid flow fiL T^^^^ 

b ^:;en ha ttv penin9s ^.^^sr' 

between the two. catalytic assemblies. 

" . " aB :« nl "^«« actional view of a 
selective oxidizing assembly having catalyst 
impregnated therein, interposed between Zl 
separator layers. 

UlJ. 16 ' ".^ S " " ,1 * r »*" sa «ional view of four 
selective oxidizing assemblies, each having 

catalyst impregnated therein, all interposed 
between two separator layers. 

FIG. 13 is an enlarged sectional vi£v 

selective oxidizing catalytic assembly interposed 
between two fluid flow field plates having ? 

LtroT SPaC£d ° Penin9S f0rned the "in 
uniformT 3 Streai " 

uniform composition, the fiuid flow field plates 
M ^/ IG * 14 15 3n 8Xpl0ded Perspective view 

-^tion r^r^\sr ■ 

containing temperature control fluid. 

FIG. IS is a „ enlarged sectional view of a 
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»e»brane electrode assembly having . selecti , £ 

the anl"! ^ - surface 0 f 

the anode facing away ft,, ^ membrane. 

.m. .is is an enlarged secfeional 

X3 a combination with the membrane electrode 
assembly having selective OJcidizing 

from the membrane, as illustrated in F1G . 15 

streak " 3 SChSn " iC dia 9 ram »* ^e fuel g as . 
stream flow through an electrochemical fuel cell > 
■ "--"V including a membrane electrode assembly, 
coolant 3 ac k et, and , selective ^ . £ 

15 o*i,J " " * tOP Pla " Viw of the Active 
o^on Si de of a flui. f i OM field plate 

"discontinuous, interdigitated channels and two 
Ports for introducing a fuel stream to the 
opposite, anode fluid flow field .side of the plate 

10 If' " " 3 tOP Pla " Vie " of «>" fluid 

*o flow tlM side of thfi flu . d flQw f . eid ^ 

illustrated in FIG . is , having two serpentine 
channels each of which has two feed ports formed 
therein for receiving the . selectively oxidized fuel 
stream introduced from : the opposite selective 
a oxidation side of the plate. 

a #*Hm* D eTri otin rrpr,,, , , a m^w. 

Turning first to fig. lf a fuel ceU stack 
assembly 10 .includes an electrochemicaliy active 
section 26 and optionaUy includes a humidif ication 
section 28. stack assembly 10 is a modular plate 
and frame design, and includes a compression end 
Plate 16 and a fluid end pl ate 18 . An optional 

pneumatic piston !7, positioned within compression 
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e n<3 plate 16, applies iiT,i*«~ 

FPxies uniform pressure to the 

™ y t0 P — . ■ Bus plates 2 L 24 

located on opposite ends of 

provide the negative and positive contacts< 
respectively. f 0r .the electrical path directing 
current generated by the assembly t0 „ ^ 
electrical load (not shown, . Tie rods 20 J£ 

10 til * SSemblY 10 " " S a " e, " bled with 
10 fastening nuts 21. 

_ Active section 2 s includes., in addition to bus 
Pl« es „ and 24, a plurality of fue , 

repeating units 12. Each repeating unit 12 

15 fluldll V r*""' ele " r0de "«*»^ - 

olat / Plat6 ' 3 cath °^ »ov field 

SLs^: -d cathode separator 

layers lf the anode and cathode reactant flow 
channels are forced in the sur£aces of ^ 

, 0 el " trode serial) and optionally a codling 
•o *=*et as described in acre detail below. In the 
assembly illustrated in fig i «-„ . 
i> ■»,..,■„, - • 1. the repeating units 

12 are electrically coupled in series by virtue of 
the contact between the electrically conductive 
layers which fom the f lo „ field plates (or the 
separator layers) and the cooling jackets 

Optional humidification section „ includes a 
Plurality of hunidif ication asse nb li e s i 4 , each 

f\TfiL 14 r nSiStin9 " fUEl « -actant 
watL tran T * "°" ^ » 

reacta n T fl 1- me,nbrane interP ° Sed ** t - n the 
Plate when present, humidif ication section 28 
imparts water to the fuel and oxidant stress fed 
to active section 26, thereby preventing the 
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::r anes wuhin the ^ ^ ^ om drying 

includf' 2 i " y,tr » t «»- * *«•« «U 30, which 
includes a membrane electrode assembly 32 

. '"T ri^id flow field plates 34 and 

36, preferably formed of graphite or a ^^J" 

:::rr ,nateriai - Membrane 32 

10 cathode 46. Anode 44 and cathode 46 are typically 
farmed of porous electricaUy conductive shLt 

Pla"? 1 ' Pr * f * ra6ly Carb °" f ib « and have . 

Planar »ajor surfaces. Electrodes 44 and 46 have a 
thxn layer of catalyst material disposed on their 

! a3 ! r " «- face with m embr a ™ 

render them electrochemically. active 

as shown in FIG. 2, anode f lo„ field plate 34 
ha. at least one open faced channel 34a engraved, 

20 membrane 4 2 . Similarly, cathode flow field plate ■ 
36 has at least one open faced channel 36a 

fac*n, membrane 42. when assembled against the 
cooperating surfaces of electrodes 44 and 46 
. channels 34a and 36a form the reactant flow field 
Passages for the fuel and oxidant streams , 
respectively. 

Turning now to fig t =» 

' a fuel ce H 50 employs 

reactant fluid flow channels. Fuel cell so 
-eludes membrane electrode assembly s 2 interposed 
between lightweight separator layers 5 4 and 56. 
which are substantially impermeable to the flow of 
reactant fluid therethrough. Menbrane ele ctrode 



WO95/088S0 



PCT/CA94/00498 



- 20 - 



10 



15 



20 



2 5 



30 



and cathode 6fi Anode m and J 

of porous electrically conductive sheet .J™ a 
Preferably carbon fiber paper . . ^ 
« h-v. a thin layer of catalyst Serial disposed 
on their Baj or surfaces at the interface with 
nenbrane 62 to render the, electronically 
active. * 

As shown in fig. 3, anode 64 has at least one 
open faced channel 64a forced i„ its surface falL 
aw ay £r raembrane 62 . simiiariy _ cathode ^-— 

surf ac ! f° ne OPe " '"^ Channel "« f «— i" ^ 
surface faczng away fron membran(S ^ ^ 

assembled against the cooperating surfaces of 
separator layers 54 and 56. channels 64 a and 66a 
form the reactant f lov field passages for the, fuel 
and oxidant streams, respectively. 

a sinV"" a " fIUi,S fl °" field Pl " e »0 h^ing 
a single continuous reactant flow channel 

described in U.S. Patent Ho . 4 , 9 ' 88 , 583 _ 

shown m rI0 . 4 . Major platfi surfac£ iu 

™nT?' tYPiCall/ ^ -^""f ""trolled 
fluid fl T^™ 9 " -"° Win ^ a single continuous 

inlet f,r " 2 • Channel 122 has a «»" 

inlet 124 at one end and a fluid outlet 1M , t the 

other end riuid inlet « 4 is directly connected 

pLte f» ° Peni " 9 ° r "»."»"■ 1» 

to a f ^ ° Utlet " 6 ^-"iy. connected 

to . fllud exhaust open . ng ^ ^^^^ ? . 

«. Plate u 2 . Fluid opening ^ ^ 

fZV l J" Sl (n0t Sh ° Wn) the — anode 

for tf Pl " e " " S ° UrC6 ° f ("ot .hovn, 

for the cathode flov Eie i d plate . channei "> 
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traverses in a plurality of passes a 
area of plate 112 wh - * ****** a ma ^ or central 
P e 112 -which in turn generally 

r^7oTt S h t0 ^ * U ^*^^ active 
5 adjacent when assembled. ' 

5 shows a cross -s#»ri--i • 
. 135 sectional view of the 

" 2 ° f fluid »» "-I- Plat, ii, in FIG 

<• channel 122 has a conf iguratlon th t s ; 

10 . ° f " a ° hined ° pen *»~ =>«nn e i s , namely, it J* ' 
10. a suhstantiau, £lat base L and . 

toward. the open face 123 of channel 122 . Tfc . 
xllustrated cross sectional configuration of 

15 CHIT 0 1S deSi9ned t0 mininize —1 "ear. 

15 Channel i„ is preferably of 

throughout its length, a series of lands m is , 
defied between the passes of channel I22 . „ h en 
assembled, the Unas 13 2 between channels J?Z. 

20 th n e reV aCt Wlth surface adjacent 

thereto, so that each flow «. w plate also 

functions as a current collector ~ 

«lt lp i e continuous reactant flow channels, 
2S in «atKin= u.s. Patent No. 5.108.849 is 

»■ shown ln FIG. 6 . Major surface Ma has fo £ ' . 

or. which are designated by the numeral 144 
Channels 144 each define a generally serpentine ' 
path between fluid -«!tm«i, ej -pent:ine 

'0 and fi uid exhau L 0 L P ^ ° Penln9 * man " 0ld " S 
xma exhaust opening or manifold 147. Each 

channel 144 has an- inlet end ,„ =. „- 
148 di^r*! and an ' out let end 

suliv y C ° nneCted to respective f luid 
supply openings or ports 145 and fluid exhaust 
openings or ports X47 . Plate 140 ,„ hich ^ 



fo°u„Tf idUal SSrPentine cha ™^ has been 

.found to operate effectively in a £uei c£ii 

as aT Cath ° de ' is s -«-- ~f erred to 
as a lo-pass cathode flow f ield Platc . A gr 

or lesser number of channels 144 could be 

incorporated in the plate such, a = * 
(*. .„„ „ ( , e ' such as, for example. i n 

the case of a 2-pass flow field pi at0 which has 
been found to operate effectively adjacent the 
. anode, and is sometimes referred to as a' 2-pass 
anode flow field plate. 

FIG. 7 shows a fluid flow field plate 180 

: ll t YIng 11 dis «"«n"°us, interdigitated fluid flow 
channels . Plate lao h*= . «, • 
. . . ate 180 has a fluid inlet 182 formed 

in the sur.ace 181 thereof. i ntet channels 18 6 
extend from inlet 182 toward the. central region of 
Plate !80, which is adjacent, the catalytically 
active region of the porous sheet material with 

I f luid " 2 , " 0 13 180 aaso has 

yiuid ° Utl " 188 f °™ ed ^ th« surface rsi of 

»8 I" 0 ; 0UtlSt Chann6lS 192 ****** -t™ outlet 
18 toward the central region of the plate lM . As 

illustrated in 7 , inlet channels 18s and 

outlet channels 192 are interdicted, so that a 

LTCu T d flUld StreM ^ 0 pen ng 

tit CtSd " inlSt 13 6 . At 

that^poant, the . fluid stream will be forced through 
the interstices of the adjacent porous electrode 
-terial (not shown, on either S ide of each inlet 
Channel is 6 to one of the nearby outlet channels 
*rom there th*» fi'„{j ^ 

tne fluid stream win flow 

through outlet 188, where ,> ^ ^ , 

flow fieid plate 180 " the 

; As shown in EIG _ ^ platc 180 CQ { 
discontinuous f lu id f low ctms: : , 5 of 
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which are inlet channels extend . from ^ 
and. 6 channels o f which are outlet channels 

cha^r 9 £r ° m ° Utlet - EaCh ° f «»■ inl-t 
channel, ls preferably disposed , fe 

n" t h ChannSlS S ° th8t the 
side of the lnlet cnannels tQ of ^ 
neighboring outlet channels. 

10 sealanT ' 3lS ° iUUStrates the Nation of a 

sealant or gasKeting material 194 which contacts 

P at T: 8n 81 "* central area of 

Plate 180. sealant or gasfcetin, material 194 

^Tl am de " neS " ithin " the ="ai y tican y 
Plate 180 also has other openings 19 6 formed 
therein, which serve as the Manifolds for other 
reactant.arid coolant streams within the fuel cell 
FIG. 8 schematically illustrates a fuel cell 

20 TlT 11° " intB9ral oxidizer 

an , inCl " dSS ™ aCtiTO —tion 214 and 

an optional humidif ication section 216 

Pressurized inlet fuel stream 222 entefs 5tacl < ,„ 

and „ directed through manifold 324 to selective 

oxidizers, selective oxidizer j„ is preferlL 

» a f 1X ed catalyst hed. isothermal reactor of the 

NO. 07/959,070 filed October 9 ;„ 

herpin ;,. ' ' lnc °rporated 

through selective oxidizer ?i ? '? 
JO t-ho ' 12er 212 is. illustrated by 

stre a :° ke " llneS " " G - 8 " "-am 226 . The Lei 

thro h " 9 SSleCtiVe -^««: 2 1 2 is directed 

n the h man , lf0ld ° f hu »"i«cation section ai 6 . 

manif ,7 ati ° n SeCti0n < «» **— **» 

-anifold 228 is directed throngh a ^ 



Parallel modification ceUs. Two of the f uel 
stream within the hunidif ication celu ■ 

designated in FIG. a as stream 230. The 
hu.WiHc.tion cells pref eraMy comprise supported 
ta.idUxe.ti6n Cranes interposed between Lid 

w :: r ? tes ' one of which typicai1 ^ 

of which d h ™""-«on cell and the other 

of which directs the reactant stream to be 
humidified. The humidified fuel stream exits the 
humidif ication section via manifold 232. m the 
active section, the fuel stream. is directed through 
a Plurantv of fuel cells to participate in the 
desired electrochemical reaction of hydrogen and 
oxygen. Two of the fuel streams through the fuel 
ceils are designated in FIG a 

1W1 as streams 236. The 

fuel stream containing the unreacted components 
exits the active section of stack 210 via manifold 
238 as exhaust fuel stream 240. 

FIG. 9 shows an apparatus 2so having a 
selective oxidizing catalytic assembly 252 
interposed between two fiuid flow field plates 254 
and 256. Assembly 252 comprises layer 258 
preferably formed of porous electrically conductive 
sheet material, most preferably carbon fiber paper 

each ma 3 or surface of layer 258. The catalyst 
promotes the oxidation of carbon monoxide to carbon 

either be present in small quantities in the fuel 
stream itself or introduced via oxidant bleed 
methods, for example those described in the u s 
patent application filed concurrently herewith ' 

Mo"nox d 6d p Meth ° d APPa " tUS F - larding carbon 
Honoxide Production In The Reactant streams Of 
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Electrochemical Fuel Cells- * e 

<-e±is . As shown in fig q 

chants £ormed in , 

£ ' el C " alytiC aSSSBbly 252 «** 

« 2 2 WUr< ~ the «f^ic layers 260 

and 262, respectively. 

FIG. io shows two selective oxidizing 
catalytic assemblies 312 and 314 interposed between 
two flu ld fi ow field plates 322 and ^ ^ 

separator plate 326 having open . ngs ^ pQ ^ s 

therein interposed between the two catalytic 
assemblies 312 and 314. Assembly 312 comprises 
layer 332, preferably formed of porous electrically 
conductive sheet material, most preferably carbon 
fiber paper, having layers 334 and 336 of catalyst 
disposed on each major surface of layer 332 
Assembly 314 comprises layer 342 , preferably formed 
ot porous electrically conductive sheet material- 
most Preferably carbon fiber paper, having layers 
344 and 346 of catalyst disposed on each major 
surface of layer 342. The catalyst promotes the 
oxidation of carbon monoxide to carbon dioxide in 
the presence of oxygen. As shown in FIG. io 
pressurized fuel streams directed through the 
channels formed in the surfaces of plates 322 and 
324 facing catalytic assemblies 312 and 314 as 
well as through the openings formed in plate 326 ■ 
such that the fuel streams will contact the 
catalytic layers 334, 336, 344 and 346. 

FIG. ii shows an apparatus 3 50 having a 
selective oxidizing catalytic assembly 352 
interposed between two separator layers 354 and ' 
356. Assembly 352 if formed of porous electrically 
conductive sheet material, most preferably carbon 
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fiber papeir, having a select ivo • 

-teria!. for example. by el HlrZ ^ V9r0US 
. other suitable tecL ique f or ? ° POSltl ° n " 

tt* can aiso be — :r iy ' 

° f the major surfaces of assembly 352 

The separator layers 354 and 35S shoHn in „_ 
H are substantia!^ impermeable to the fuel s t 

erected through assembly 352. A su!t!J 
for- suitable material 

for the separator layers 354 and 3S 6 is ophite 
£o,l Pressurized fuel strea)ns directed through 
assembly 3S2 between, separator layers 354 and Tss 
wUl contact the catalyst impregnated within 
assembly 352. Additionally >v, 

• naily ' the porous laver of 
assembly 3S 2 could be formed with discontinuous 
interd lgl tated channels formed in one or both of 
the major surfaces facing the separator layers 354 
and 356 (see FIG. 7). 

FIG. 12 shows an apparatus 400 having four- 
layer selective oxidizing catalytic assembly " 
interposed between two separator layers 414 ana 
«16- Each Of the layers 4 12a, 412b. 412c and 41 2 d 
- preferably formed of porous electrically 
conductive sheet material * 
--Paper, having S^t^ 

FIG. 13 shows an apparatus 450 comprising a 
selective oxidizing catalytic assembly 462 
interposed between two fluid flow field plates 468 
and 470. The plates 468 „•,„ w Pl«es 468 , 

SM „ rt . p " tes <68 and 470 have uniformly 
spaced openmgs or ports foraed therein . for 
introducing a fue! stream having substantially 



unifor .exposition. Th e pla tes 4S3 aad 470 and 
" " ° aSSembly 462 are interposed between two 

464 and 466 - which »• 

adiLt 1 ^ the fuel stream . Y 

adjusting the thickness of the as^K, ,, 

soacino „<■ „ assembly 462 and the 

272 OP6ningS f0rmed *»'«» P^te s 468 

n , s ' r fUSl Strea " <^™ by>the arrows 

™' of in 03 " be P " Vented fr0 " fl ° Win ' al °"* the 
CO is n V Y ConSe "-"tl y , minimal 

CO is produced from the reverse water shift 
reaction. 

„ u FIG - 14 shows an apparatus 500, similar to 
that illustrated in FIG. 13 , as , anbled in a Cubular 

configuration and having an outermost jacket s 26 
containing temperature control fluid within space 
528 As shown in FIG. 14, a selective oxidizing 
catalytic assembly 512 is interposed between two 
tubular layers sis and 520. Layers S18 and S20 are 
preferably formed from porous, electrically 
conductive materia!, preferably carbon fiber paper 
but other suitable material such as a metal f oan ' 
could also be employed. ■ Layers 518 and 520 have 
uniformly spaced openings or ports formed therein 
two of which are designated in FIG. 14 as openings 
or ports 522 ., for introducing a fuel stream 

(designated by the arrow in fig. 14) having 
substantially uniform composition. The interior • 
space within layer 520 is the volume into which the 
fuel, stream is introduced to apparatus 500, as 
indicated by the -IN" arrow in FIG. 14. Layers 518 
and 520 and catalytic assembly 512 are contained 
within a tubular separator layer 514, which is 
preferably substantially impermeabie to the fuel 
stream. The space between layers 514 and 518 is 
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the volume trom „ h , ch fuei streai6 ■ 

. S ; m pp ::: tus S00 ' - indicated > y the — 

5 S50 / 1G ' . 15 ShOWS a n - b ""« Electrode assembly 
disposed on the surface o, the anode 552 facing 

3 n:^/^" 6 556 - ^ no ^ e 552 includes a . 
layer 562 preferably formed of porous electrically 

10 fiber paper, and a layer 564 of electrocatalyst 
deposed on the surface of layer 562 facing 
membrane 556. cathode 554 also includes a layer 

566 of porous electrically conductive sheet 

material a nd a layer 568 of electrocatalyst 
disposed on the surface of layer 566 facing 
membrane 556. 

FIG. 16 shows an apparatus 600 which combines 
the selective oxidation apparatus 45o illustrated 
20 h ! " " ith thS BCnb " n ° Electrode assembly 550 

uli se f ie :: ive oxidizin ' cataiyst dis ^- d - £ 
in: z; i: ;r:: e f r::i a : ay f ™ — • 

15. A selective oxidi2ing 
catalytic assembly 6 12 is interposed between two 

25 618 IT field Plat8S 618 and 620 • *>» Pl«es 

formed therein for introducing a fuel stream having 

and^T Unif0r " C0 ^°-"°"- ^e plates 61a 

and 620 and catalytic assembly 612 are interposed 
between a separator layer 614 and a membrane 
electrode assembly 625. Separator layer 614 is 

preferably substantially impermeable to the fuel 
stream, the flow of which is designated by the 

arrows in FIG. i 6 . Membrane electrode assembly 625 
has a selective oxidizing catalyst layer 640 



disposed on the surface of the anode 622 facing 
away from the membrane 626. Anode 622 includes a 
layer 632 preferably formed of porous electrically 
conductive sheet material, most preferably carbon 
fiber paper, and a layer 634 of electrocatalyst 
disposed on .the surface of layer 632 facing 
membrane 626. Cathode 624 also includes a layer 
636 of porous electrically conductive sheet 
material and a layer 638 of electrocatalyst 
disposed on the surface of layer 6.36 facing * 
membrane 626. 

FIG. 17 shows a schematic diagram of the fuel 
stream flow through an electrochemical fuel cell 
assembly. Incoming fuel stream 712, containing 
carbon monoxide, is directed through manifold 
openings formed in a cooling water plate 722, a 
cooling water sealant or gasket 724, and a blank 
(A>e- , no channels formed in either major surface 
thereof) separator plate 726. Cooling water plate 
722 has channels formed therein on major surface 
722a, such channels forming the flow field for the 
coolant fluid, which is preferably water, but can 
also be any other suitable cooling fluid. The 
volume formed by the assembly of plates 722, 726 
and seal 724 is the cooling water jacket. 

As further illustrated in FIG. 17, the fuel 
stream is then directed through and/ or along the 
major surface (s) of a selective oxidation medium 
728, preferably a porous sheet material, most 
preferably electrically conductive, such as, for 
example, carbon fiber paper, impregnated with a 
selective oxidation catalyst, such as, for example 
a mixture of 75% platinum/25% rhodium, by weight, 
to oxidize carbon monoxide present in the fuel 
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stream. After selective oxidation, the fuel stream 
is directed through selective oxidi 2 er sealant or 
gasket 730 and then through selective oxidation 
plate 732. The volume formed by the assembly of 
plates 726, 73 2 and sealant 730 is the selective 
oxidation reaction chamber which contains the 
selective oxidation medium 728. Plate 732 has a 
major surface 732b facing the selective oxidation 
medium 728 in which channels are formed to direct 
the flow of the fuel stream through the selective 
oxidation reaction chamber. 

The fuel stream exiting the selective oxidizer 
flow field via openings (not shown) formed in plate 
732 is then directed to the flow field channels 
15 formed in surface 732a of plate 732. There, the 

fuel stream participates in- the reaction at the 
anode of the membrane electrode assembly 736. 
Anode MEA seal 734 seals the volume between plates 
732 and MEA 73 6 where the electrochemical reaction 
20 at the anode occurs. 

The exhaust stream from the anode is directed 
by manifold openings through selective oxidation" 
plate 73 2, separator plate 726 and cooling water 
plate 722, where it is exhausted- from the fuel cell 

25 assembly as exhaust stream 714. 

FIG. 18 shows the selective oxidation side of 
a fluid flow field plate 732 shown in FIG. 17 1 The 
selective oxidation side of plate 732 has 6 
discontinuous inlet channels, two of which are 

3 0 designated in FIG. is as channels 74 8. The fuel 
stream enters the inlet channels 74 8 via an inlet 
header 746 connected to an inlet 744 from fuel 
stream manifold 742. The selective oxidation side 
of plate 732 also has 5 discontinuous outlet 
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channels, two of which are designated in FIG. 18 as 
channels 750. The selectively oxidized fuel stream 
exits the outlet channels via an outlet header. 752 
which terminates in two ports 754 formed in plate 
732. Ports 754 extend to the opposite anode fluid 
flow field side of plate 732. As shown in FIG. 18, 
the inlet and outlet channels on the selective 
oxidation side of plate 732 are arranged in 
interdigitated relation. The unreacted, exhaust 
fuel stream exits the anode side of the fuel cell 
via manifold opening 760. 

FIG. 19 shows the anode fluid flow field side . 
of plate 732 illustrated in FIG. 18. The anode 
side of plate 73 2 has two serpentine channels 7 56, 
15 each of which has two ports 754 formed therein for 
receiving the fuel. stream introduced from the 
opposite selective oxidation side of the plate 732. 
The fuel stream is directed through channels 756 to 
participate in the electrochemical reaction at the 
20 anode of the adjacent membrane electrode assembly 
(shown, for example, as MEA 736 in FIG. 17) . The 
unreacted, exhaust fuel stream exits the anode side 
of the fuel cell via outlet 758 to fuel exhaust 
manifold 760. Channels 762 and 764 are two of the 
25 plurality of channels, shown in bolded lines in 
, PIGS. 18 and 19, for containing the sealant or 
gasketing material which f luidly isolates each 
separate region on the major surfaces of plate 732. 
While particular elements, embodiments and 
3 0 applications of the present invention have been 
shown and described, it will be understood, of 
course, that the invention is not limited thereto 
since modifications may be made by those skilled in 
the art, particularly in light of the foregoing 
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.teachings. _ It is therefore contemplated by the 
appended claims to cover such modifications as 
incorporate those features which come within the 
spirit and scope of the invention. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS 

1.. A method for the selective oxidation of 
carbon monoxide to carbon dioxide, said carbon 
monoxide being present in a reactant stream 
introduced to an electrochemical fuel cell, said 
5 reactant stream further comprising hydrogen and 
carbon dioxide and carbon monoxide, said/method 
comprising: 

providing a quantity of catalyst within 
at least a portion of a passageway ; for 
directing said reactant stream to the 
electrochemically active area of said fuel 
cell, said passageway portion having an inlet 
arid an outlet, said catalyst promoting the 
oxidation of carbon monoxide to carbon dioxide 
i5 in the presence of oxygen; 

introducing a first oxygen- 
containing gas stream into said reactant 
stream through a first port disposed 
between said inlet and said outlet; 
20 contacting said gaseous mixture 

including said first oxygon-containing 
gas stream with said catalyst; 

introducing a further oxygen- 
containing gas stream into said reactant 
25 stream through at least one secondary 

port located between said first port and 
said outlet; and 

further contacting said reactant stream : 
including, said further oxygen-containing gas 
30 stream with said catalyst. 
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2. The method of claim 1 wherein said at 
least one secondary port comprises a plurality of 
secondary ports located between said first port and 
said outlet. 

3. The method of claim 2 wherein said 
plurality of secondary ports are uniformly spaced, 
along said portion between said inlet and said 
outlet, whereby the concentration of oxygen within 
said reactant stream is maintained substantially 
constant between said inlet and said outlet. 

4 . The method of claim 1 wherein said 
reactant stream further comprises oxygen and 
wherein said first oxygen-containing gas stream and 
said further oxygen-containing gas stream is drawn 
from said reactant stream. 

5. An apparatus for the selective oxidation 
of carbon monoxide to carbon dioxide, said carbon 

.monoxide present in a fuel stream introduced to an 
electrochemical fuel cell stack, said fuel stream 
further comprising hydrogen and carbon dioxide, 
said stack comprising a plurality of fuel cells, 
said apparatus comprising: 

means for containing a quantity of catalyst 
within at least a portion of. a fuel stream 
passageway within said stack, said catalyst 
promoting the oxidation of carbon monoxide to 
carbon dioxide in the presence of oxygen. 

6. The apparatus of claim 5 wherein said 
stack comprises a fuel inlet, at least one anode, 
and a fuel outlet, said fuel stream directed 
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through passageway containing catalyst before said 
5 fuel stream is introduced as a reactant stream to 
said at least one anode. 

7. An apparatus for the selective oxidation 
of carbon monoxide to carbon dioxide, said carbon 
monoxide being present in a fuel stream introduced 
to an electrochemical fuel cell, said fuel stream 

5 comprising hydrogen and carbon dioxide, said 

apparatus comprising: ' " ■ . ' 

(a) first and second separator layers, said 
first and second layers substantially 
impermeable to said fuel stream; and 
10 (b}- a catalytic assembly interposed between 

said first and second layers, said 
assembly comprising at least one layer of 
porous sheet material and a quantity of 
catalyst either disposed on at least one 
15 major surface of said at least one porous 

layer or impregnated between the major 
surfaces of said at least one porous 
layer, cr both, said catalyst promoting 
the oxidation of carbon monoxide to 
20 carbon dioxide in the presence of oxygen; 

whereby directing said fuel stream between said 
first and second layers causes said fuel stream to 
contact said catalyst. 

8. The apparatus of claim 7 wherein said 
first and second layers are formed of electrically 
conductive material and wherein said at least one 
layer of porous sheet material is electrically 

5. conductive. 
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9. The apparatus of claim 7 wherein said 
apparatus is assembled within the active section of 
an electrochemical fuel cell stack. 

10. The apparatus of claim 7 wherein said 
apparatus is assembled within a humidif ication 
section associated with an electrochemical fuel 
cell stack. 

11. The apparatus of claim 7 wherein said 
first separator layer is a first fluid flow field 
plai:e, said first plate having an inlet for 
introducing, said fuel stream to a major surface 

5 thereof "and an outlet for discharging said fuel 

stream from said major surface, said major surface 
having formed therein means .for directing said fuel 
stream from said fuel stream inlet to said fuel 
stream outlet. 

12. The apparatus of claim 11 wherein said 
first plate has a plurality of openings formed 

•therein for introducing an oxygen-containing gas 
stream into said fuel stream between said fuel 
5 stream. inlet and said fuel stream outlet. 

13. The apparatus of claim 12 wherein said 
plurality of openings are uniformly spaced between 
said fuel stream inlet and fuel stream outlet 
whereby the concentration of oxygen within said 

5 fuel stream is maintained substantially constant 

between said fuel stream inlet and said fuel stream 
outlet. 
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14. The apparatus of claim. li wherein said 
fuel stream further comprises oxygen and said 
oxygen-containing gas stream is drawn from said 
fuel stream. 

15. The apparatus of claim 11 wherein said 
directing means comprises at least one continuous 
channel interconnecting said fuel stream inlet and 
said fuel stream outlet. 

16. The apparatus of claim 15 wherein said at 
least one continuous channel comprises a single 
continuous channel. 

17. The apparatus of claim 15 wherein said at 
least one continuous channel comprises a plurality 
of continuous channels. 

18. The apparatus of claim 11 wherein said 
directing means comprises at least one inlet 
channel extending from said fuel stream inlet and 
at least one outlet channel extending from said 

5 fuel stream outlet, wherein said at least one inlet 
channel is discontinuous with respect to said at 
least one outlet channel/ whereby said fuel stream 
flows from within said at least one inlet channel 
to said at least one outlet channel through the 
10 interstitial spaces of said catalytic, assembly. 

19. The apparatus of claim 18 wherein said at 
least one outlet channel comprises at least two 
outlet channels and wherein each of said at least 
one inlet channels is interposed between adjacent 

5 outlet channels, such that said fuel stream inlet 
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and said fuel stream outlet channels are 
interdigitated. 

20. The apparatus of claim n wherein said 
second separator layer comprises a second fluid 
flow field plate, said second plate having an inlet 
for introducing said fuel stream to a major surface 

5 thereof and an outlet for discharging said fuel 

stream from said major surface, said major surface 
having formed therein means for directing said fuel 
stream from said fuel stream inlet to said stream 
outlet. 

21. The apparatus of claim 7, wherein said 
catalytic assembly comprises at least two layers of 
porous sheet material, said apparatus further 
comprising: 

5 (c) at least one intervening separator layer 

having a plurality of openings formed 
therein between the major surfaces 
thereof, each of said at least one 
intervening separator layer interposed 
i0 between adjacent porous layers. 

22. The apparatus of claim 21 wherein said at 
least two layers of porous sheet material are 
electrically conductive. 

23. The apparatus of claim 7 wherein said 
first and second separator Layers and said at least 
one; porous layer have a planar configuration. 
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24. The apparatus of claim 7 wherein said 
first and second separator layers and said at least 
one porous layer have a tubular configuration. 



i) 



WO 95/08850 PCT/CA94/00498 

1/12 



Fig. 1 



10 



-18 



,16 



J4 



21 



21 



^22 20 



24 



26 



28 



J 21 



SUBSTITUTE SHEET 



WO 95708850 



PCT/CA94/00498 



2/12 




Fig- 




— 64a 



WO 95/08850 



ECT/CA94/00498 



3/12 




SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



WO 95/08850 PCT/CA94/00498 

5/12 




SUBSTITUTE SHEET 



WO 95/08850 PCT/CA94/00498 

6/12 



Fig. 8 



,222 



226 r2 12 



210 



228 



230 



>- — 



A A A A A. A AT 



240' 
238- 



A 



V V V 



236 



214 



-232 



— v 
216 



SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



WO 95/08850 



PCT/CA94/00498 




WO 95/08850 



11/12 



FCT/CA94/00498 



Fig. 17 




SUBSTITUTE SHEET 



WO 95/08850 PCTyCA94/00498 

12/12 

Fig. 18 




Fig. 19 

756 




SUBSTITUTE SHEET 



NATIONAL SEARCH REPOR 



A.p^L^SCPICATION OP SUBJECT MATTER. 



Inn-mitl • Application No 

PCT/CA 94/00498 



HO1M8/06 H01M8/02 H01M8/24 



According a bHtmancnal Patent Qanificatton (IPC) or to both naaoml clarification and IPC 



B. FIELDS SEARCHED 



Mt r rtm a m ao n nneattdon icsrcbcd (damncaitan ryacm followed by cUeBacanon rymboli) 

IPC 6 H01M 



Dm I l ilW IttttOO narcbcd Other than mnumim do ruinrnt i rin a tn the aunt tK«t mrfi H/mimnm w> ^)h^a^ f n fllf fidlifa Itlt t ln d 



Bcttronic dcuhMc canultcd durmj ihc tmanatiooal lurch (mac of data hue and, where pranacil, acereh tains u*ed) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Cafsgory* 



fiuricn of rtnrmvnf. with hirtinhnn. where appropriate, of the relevant psnsgn 



Relevant to dum No. 



P.X 



WO, A, 94 09523 (BALLARD POWER SYSTEMS INC.) 
28 April 1994 

see page 33, line 11 - line 24; claim 1 
EXTENDED ABSTRACTS. , 

vol .90, no. 2, 1990, PRINCETON, NEW JERSEY 
US 

page 180, XP000281568 

M.T. PAFFETT ET AL 'Key parameters in the 

Elimination of Co Catalyst Poisoning in 

Fuel Cell Anodes by Bleeding of Low Levels 

of Oxygen or Air - ABSRACT NR 119' 

see page 180, left column, line 41 - line 

65 



-/" 



1-6 



1,4 



rirvtmwTrfi H ff y ^t itt flif oonimufiion of box C* 



0 



Pntent family mcmbcri arc lifted in nn pt T 



* Special ctftgnicrotdtkd document! : 

comfdercd to bcof panicaUr relevance 

*E* sadier document but putfJahed aa cc alter the Etttcniaiianal 
fiungdace 

"L" A ■ l UTK in which may throw donha on priority ebmaft) or 
which It died to f t*i* puhhrtBfYi dafe of another 
dtadon or other apcctat reams (at epedned) 

*0* ifamnmit lefj^j^ py to g£ mi dlsEtpciov* sbc* odbibitiOB or 

*P* donumm puMithrd price a the tettmancaal filing due but 
later than the priority drtr cldmrd 



*X* ArM-*rm**\r Y*MiM\>*A mttrr tK. -mr*»y|f ^minl filmy dnln 

or priority date and aot in conflict with the appllcanon nut 
deed to undenttnd (he priadple or theory up d rri ying ihe 
luvtmlon 

"X" . documentor particular relevance; the daixacd invention 
aoaot be u uiaiu d a d novel orcaaaot.be considered to 
bivalve an inventive attp when the document ii taken alone 

*Y* document of particular relevance; the ri«jmr<i invention 
cannot be coontoxd to involve an inventive step when the 

■Wn^ y ^ i» mmhinrA wtth rtnr nr mnrr other nigh docU- 
THf7iyr | mf4i gyrfT^^iff^^ fwm j rthwuM tn m jigftm Allied 

mthcatt. 

'St' rtnnimmt member of the tamo patent ftmily 



Data of the actnal ccmintceian erf the ■ » t * ii^tf/mai gf yrfr 

13 January 1995 



Date of matting of the uttetnaannal aeamh report 

31-01 P 



Name and matting addnn of the ISA 

European Patent Office. P.B. 381 8 PatcnUaia 2 
NL-22nOHY Rijrwifk 
Td.(+ 31-70) 340-2MO.TX 31 £$1 cpo nl, 
Fax (+31.7tl> 340-3016 



Authorised officer 



D'hondt, J 



ATIONAL SEARCH REPOR 



Innmati' "■ AppUcadaa No 

PCT/CA 94/00498 



CJCaatiimaflaO DOCUMENTS CONSIDERED TO BB RELEVANT 


CtBsg/xy' 




lUtawatto cUtm No. 



US,A,4 910 099 (SHIMSHON GOTTESFELD) 20 
March 1990 

cited In the application 

see column 3, line 57 - line 64; claim 1 

EP.A.0 415 733 (NATIONAL DEFENCE OF HER 
MAJESTY'S CANADIAN GOVERNMENT) 6 March 
1991 

& US,A*5 108 849 

W0, A, 92 10009 (VICKERS SHIPBUILDING AND 
ENGINEERING LIMITED) 11 June 1992 
see page 19, line 9 - page 20, line 13; 
figure 6 



2 



Awl Unto IW11 



IN"KRNA.TIONAL SEARCH REPORT 



tttmUggr AppUcatieat No 

PCT/CA 94/00498 



Patent document 
deed in luiuliniport 



Publication 
dale 



Patent family 
members) 



Publlcuian 
data 



W0-A-9409523 



28-04-94 



US-A-4910099 



20-03-90 



EP-A-0415733 



06-03-91 



US-A-5108849 



28-04-92 



W0-A-9210009 



11-06-92 



US-A- 
AU-B- 
CA-A- 
EP-A- 



5316747 
5146593 
21123711 
0616733 



NONE 



US-A- 
AU-B- 
AU-A- 
DE-D- 
JP-A- 
US-A- 



4988583 
633348 
6128690 
69013626 
3205763 
5108849 



US-A- 
AU-B- 
AU-A- 
DE-D- 
EP-A- 
JP-A- 



4988583 
633348 
6128690 
69013626 
0415733 
3205763 



AU-B- 
AU-A- 
CA-A- 
DE-T- 
EP-A- 
GB-A- 
JP-T- 
NL-T- 



651150 
8910991 
2096724 
4193026 
0559816 
2250130 
6503201 
9120025 



31^05-94 
09-05-94 
28-04-94 
28-09-94 



29-01-91 
28^01-93 
07-03-91 
01-12-94 
09-09-91 
28-04-92 



29-01-91 
28-01-93 
07-03-91 
01-12-94 
06-03-91 
09-09-91 



14- 07-94 
25-06-92 
24-05-92 
07-10-93 

15- 09-93 
27-05-92 
07-04-94 
01-10-93 



